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类视黄醇 X 受体（retinoid X receptor，RXR），是核受体超家族中重要的一
员，在细胞的凋亡、分化、生长和脂类代谢的生理过程中均发挥了重要作用。而








化合物共 15 个。并进而采用报告基因手段评价这些化合物同 RXRα的结合情况。
结果显示：这些的化合物中，代号 XZ8513 的化合物具有最强的抑制活性。以此
为基础，XZ8513 的 9 个类似物被作为新的筛选集，进行第二轮筛选。筛选结果
表明：在新的 9 个化合物中，XZ8533 具有与 XZ8513 相似的抑制活性，同时针
对 RXRα的特异性也远高于 XZ8513。 
充分肯定了 XZ8533 的抑制活性后。体内和体外两种评价手段则被同时应用
于验证该化合物是否结合于 RXRα表面位点。在体外实验中，课题组采用了配体
竞争性实验、TR-FRET 和 SPR 等三种手段。结果表明：XZ8533 无法同 9-cis-RA
竞争 RXRα-LBP，但可以同辅助激活因子竞争共调节子结合位点，并在 SPR 实
验中表现出同 RXRα-LBD 高度地亲和力（KD = 4.88 x 10
-7 M）。说明其结合位点
可能位于 LBP 以外，共调节子结合位点以内。在体内实验阶段，通过对 RXRα
及 XZ8533 的结构分析，大量 RXRα突变体被构建并用于验证 XZ8533 的表面结
合能力。本阶段实验结果表明：位于共调节因子结合区 Val298 位点的突变对
XZ8533 的活性产生了巨大影响，而 LBP 区的突变则基本不影响其活性。这一结
































































Retinoid X receptor-α (RXRα), as a unique member of the nuclear receptor (NR) 
superfamily, plays an important role in many biological processes ranging from 
apoptosis, cell differentiation and growth to lipid metabolism. Altered expression and 
function of RXRα is implicated in the development of a number of diseases and 
cancer. Thus, RXRα has been an attractive and important target for pharmacologic 
interventions and therapeutic applications.  
Efforts on discovery of small molecules targeting RXRα have been primarily 
focused on the molecules that bind to its classical ligand-binding pocket (LBP). Here, 
we report the identification and characterization of a new RXRα transcriptional 
inhibitor which binds to its surface by using structure and ligand-based virtual 
screening. 
In order to reach our goal, a chemical library of 200,000 compounds was first 
subjected to the virtually screened process, based on the potential binding ability to 
RXRα coregulator binding site, and 15 compounds were selected based on their 
docking score and subsequently tested for their binding to RXRα by using reporter 
assay. Among the 15 compounds, compound XZ8513 showed the strongest inhibitory 
activity. So 9 analogs around XZ8513 were then selected and tested for their RXRα 
inhibitory effect and selectivity. Among these analogs, XZ8533 showed an inhibitory 
activity similar to XZ8513, but demonstrated the best selectivity for RXRα. 
After the comfirmation of XZ8533’s RXRα inhibitory effect. We used both in 
vitro and in vivo experiments to prove our hypothesis that this compound does not 
bind to the LBP but to a hydrophobic groove on the surface of RXRα. In in vitro 
experiments, techniques like ligand-binding competition assay, TR-FRET and SPR 
were employed. The results showed that XZ8533 can’t compete with 9-cis-RA for 
LBP of RXRα, while it competes with PGC1α coactivator peptide for coregulator 
binding site, and it also binds with high affinity to RXRα-LBD (KD = 4.88 × 10
-7 M) 
in SPR experiments. In in vivo experiments, we constructed several RXRα mutants 
based on compound and protein structure, in order to demonstrate XZ8533’s surface 
binding ability. In those experiments, XZ8533’s inhibitory effect could only be 
impaired by the mutation of Val298, which is located within coregulator binding 















implied that XZ8533 does not bind to RXRα-LBP but its coregulator binding site. 
Several biological evaluation experiments were done for XZ8533. It turned out 
that XZ8533 also effectively suppresses Akt activation and promotes apoptosis of 
cancer cells in a RXRα-dependent manner by inhibiting TNFα induced tRXRα 
interaction with the p85α subunit of PI3K. 
Together, our results demonstrated that XZ8533 is a new RXRα modulator that 
regulates the nongenomic actions of RXRα by surface binding, identifying a new lead 
to develop selective agents targeting RXRα/tRXRα for cancer therapy. 
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第一章  前言 













图 1.1 核受体结构模式图[10] 
Fig 1.1 Structure of nuclear receptors 
 
核受体共同的典型结构分为六个部分,即 A、B、C、D、E 和 F 区（图 1.1）。
N 端（A/B 区），高度可变，包含至少一种本身有活性的配体非依赖性的转录激
活域（AF-1），A/B 结构域的长度不一，由约 50 到 500 个氨基酸组成[10-12]。核受
体的 DNA 结合区（DBD，C 区）最为保守，主要由两个保守的锌指结构组成，
参与同 DNA 的结合。其中结构为 Cys4 型，即每个锌指均包含 4 个半胱氨酸分
子和一个锌离子。位于锌指Ⅰ柄部三个不连续的氨基酸组合称为 P 盒，可决定受


















有较高的保守性，通常由 10-12 个 α 螺旋和两个 β 折叠组成，其中第 12 个螺旋




种生理过程。在毗邻 E 区 C 端的位置，部分核受体还含有一个序列高度可变的 F
区，其结构和功能尚不明确。此外，多数核受体都具有两个转录激活功能域
（activation function, AF），以 AF-1 和 AF-2 表示。它们分别位于核受体结构中的
A/B 区和 E 区，其主要作用在于招募转录起始相关蛋白[15]。 
目前在人类基因组中已被鉴定至少存在 48 种核受体，其命名原则为：按其
同源性，将 NR 分为 6 个亚家族（subfamily），以 1，2，……表示，每个亚家族






（thyroid hormone receptor，TR）、类视黄醇 X 受体（retinoid X receptor，RXR）
和维生素 D3 受体（vitamin D3 receptor，VDR）等；第三类孤儿核受体，也就是
至目前为止还没有发现配体的一类核受体成员，如 DAX1（NR0B1）、SHP（short 
heterodimer partner，NR0B2）和Nur77（nuclear receptor subfamily 4 group A member 
1，NR4A1）等[10-11]。 
1.2 类视黄醇 X 受体（retinoid X receptor，RXR） 
1.2.1 RXR 简介 
RXR 有 RXRα、RXRβ 和 RXRγ 三种同源物（isotypes），分别由位于人类 9























1.2.2 RXR 的基因型功能 
在众多的核受体超家族成员中，RXR 是非常重要和独特的，很多核受体要与
其形成二聚体来发挥生理功能（图 1.2），因此 RXR 也被形象地称为“Master 
Regulator（总调节子）”。对于一些异源二聚体如 RXR/PPAR、RXR/Nur77、
RXR/LXR、RXR/PXR、RXR/FXR 等，单一的 RXR 的配体即可激活异源二聚复
合物，这类异源二聚体称为“许可型异源二聚体”（permissive heterodimers）；对
于另外一些异源二聚体如 RXR/RAR、RXR/VDR 和 RXR/TR，RXR 的激动剂必
须和二聚体中的相应配体同时作用才能激活异源二聚体，这些异源二聚体称为
“非许可型异源二聚体”（non-permissive heterodimers）[25]。  
 
 
图 1.2 视黄醇受体核内作用机制[23] 
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